This study aimed to investigate the effect of dental caries and the subsequent poor oral health on the blood parameters and anaerobic performance of athletes. The study was conducted on 30 elite rowing athletes (18 male and 12 female) who had a DMF-T index value of 3.9 after an oral check-up. The athletes were split into two groups: the study group, which consisted of athletes having four or more infected tooth; and the control group with athletes having one or no infected tooth. The study group consisted of 15 athletes (9 male and 6 female) with infected tooth number ≥4, DMF-T value of 7, and a mean age of 18.73 ± 1.05 years, whereas the control group consisted of also 15 athletes (9 male and 6 female) with DMF-T value of 0.9 and a mean age of 18.26 ± 2.01 years. The anaerobic capacity of athletes was measured using the Wingate test (WanT). The two demographically similar groups had no difference in their blood parameters and urine density values (P > 0.05). Also, no statistically significant difference in the WanT results was observed between the two groups, and WanT performances were similar in both groups (P > 0.05). Further, the superficial decay at the enamel and dentine levels did not negatively impact the anaerobic performance of athletes. On the contrary, it was suggested that studies should be conducted on the effect of severe dental caries at the pulpal level on athletic performance, which may also cause chronic inflammation.
It is important for an athlete to maintain good general health so as to maximize athletic performance. Oral health is a vital part of systemic health and quality of life (1, 2) . Studies suggested that athletes having poor oral health also might have low athletic performance (3, 4) .
Dental caries is linked to several factors, including dental plaques in the mouth, nutritional habits, fluoride content, pH, enamel structure, and dominance of Streptococcus mutans. The risk factors causing dental caries are low oral hygiene levels and other factors that negatively affect dental health, such as low socioeconomic status, age (kids, young adults, and elderly people having higher risks), dry mouth (reduced saliva), erosion of dental fillings, eating disorders, acid reflux, malnutrition, and genetic factors. The factors that reduce the risk are brushing teeth properly, using fluoride toothpaste, using antibacterial medicine, reducing the frequency and quantity of carbohydrate consumption, and increasing saliva flow (5) .
Oral health is a part of general health and plays an important role in maintaining life functions and quality of life (6) . Dental caries and oral diseases occur as a result of a complicated relationship between the pathogenic microorganisms and the host. They are contagious diseases with the most common multifactorial etiology based on the World Health Organization's (WHO) database (7) . The initial immune response to the deterioration of oral health as a result of dental caries is the increase in the levels of pro-inflammatory cytokines, including interleukin (IL)-6, IL-4, IL-1-β, IL-1-α, lymphotoxin-α, and TNF-α. This increase in cytokine levels is a risk factor for systemic diseases (8) .
Maximum voluntary muscle flexing, strength, force development speed, and dynamic force are used as an index for the muscle strength development capacity (9) . This index also provides enough information on muscle strength and performance in general terms. Muscle strength is a good indication of muscle performance and functional capacity (10) . The factors
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affecting muscle performance include energy formation (aerobic-anaerobic), neuromuscular transmission, muscle health, and nutritional and psychological factors. The present study on exercise physiology suggested many bioindicators that affected athletic performance and might negatively impact athletes' health. High levels of cytokines in plasma, as one of these bioindicators, occur simultaneously with dental caries and play an important role in muscle fatigue during exercise and oxidative stress development after exercise (11) . High levels of cytokines in plasma are related to low muscle strength (12) . One of the studies suggested that the pathogens that caused dental caries not only caused other diseases by traveling through the circulatory system but also caused sports injuries.
In addition to the local changes associated with dental caries, an increase in C-reactive protein, which is an acute-phase protein, and cytokine levels also occurs. This may lead to the loss of strength in skeletal muscles and a reduction in aerobic performance (13) . Moreover, athletic and exercise performance is also negatively affected (14) . Nevertheless, high scores of dental caries, DMF-T index values, and periodontal diseases are associated with lower FEV1/FVC% values, lower athletic performance, and muscle, tendon, and bone injuries in athletes (15) .
Anaerobic capacity is defined as the work capacity that skeletal muscles develop using energy transfer systems during maximal and supramaximal exercises. This effort per unit time is called anaerobic power (kg/s, kg/min, watt). It is not possible to directly measure anaerobic power and anaerobic capacity. The Wingate anaerobic test (WanT) is the most commonly used laboratory method for measuring anaerobic power because it includes larger muscle groups and can measure higher values (16, 17) .
Available studies (8, 11, (13) (14) (15) hypothesized that a link existed between dental caries and anaerobic performance. The purpose of this study was to investigate the effect of dental caries and the subsequent poor oral health on the blood parameters and anaerobic performance of athletes. All participating athletes were informed about the research and testing and were asked to read and sign the "Informed Consent" and "General Consent" forms, which were drafted in line with the Helsinki Declaration Principles. The selection criteria for the participating athletes included the following: not having any acute or chronic diseases, not having any systemic diseases, not having any hemoglobinopathy, not undergoing any medical procedure within the preceding year, not having received blood transfusion in the last 6 months, not sustaining any injuries on the lower extremities, agreeing to follow the parameters to be implemented during the studies, and volunteering to participate in the studies. Athletes not meeting any of the aforementioned criteria were excluded from the study. The demographic data of the athletes, who accepted to participate in the study, were initially recorded. The participants had similar sociocultural characteristics, attended the same schools, and performed the same practices. Also, they had similar nutritional habits and consumed similar types of food. They did not have any known medical conditions. The athletes underwent a dental examination by a dentist after blood and urine tests in the morning before breakfast. The anaerobic strength test was also conducted on the same day. The demographic data of athletes, who participated in the study, are provided in Table 1 .
MATERIALS AND METHODS

Dental examination
The evaluation of the dental health was performed based on the WHO criteria related to decay (D), loss (M), restoration (F), and "DMF-T index," which corresponded to the number of infected teeth per person in the population groups. The dental examination was performed by the same dentist in a dental clinic using a sterile dental mirror.
The 30 athletes (18 male and 12 female) with 3.9 DMF-T index values were split into 2 groups: the study group (number of cavities ≥ 4) and the control group (number of cavities <1). During the dental examination, all athletes were found to have cavities at the enamel and dentine levels. The study group comprised 15 athletes (9 male and 6 female) who had a DMF-T index value of 7, average age 18.73 ± 1.05 years, and ≥4 cavities. However, the control group comprised 15 athletes (9 male and 6 female) who had a DMF-T index value of 0.9 and the average age of 18.26 ± 2.01 years. The control group had the target DMF-T index value Effect of dental caries and the consequential variation in blood parameters on the anaerobic performance of rowing athletes that corresponded to <1 number of cavities based on the DSO 2020 data.
Blood analyses
Two tubes [one with EDTA and the other with a clot activator (SST II Advance)] of blood were drawn from the antecubital vein for checking the complete blood count and iron and ferritin levels. The blood analyses were conducted using the automatic blood count machine (Sysmex Corp. XN-1000 SA-0 Kobe, Japan) and the biochemical autoanalyzer (Randox RX Imola, Japan).
Evaluation of anaerobic capacity: The anaerobic capacity of the athletes was assessed using the anaerobic strength test called WanT.
The WanT test was performed to measure explosive strength, endurance, and muscular fatigue; to collect information on the muscular metabolism during short and high-intensity exercises; and to evaluate athletic performance. For the WanT test, a Monark 891E model leg bicycle ergometer with a basket, which was attached to a computer running a customized software, was used. Prior to testing, the seat and pedal length was adjusted for each athlete. The load corresponding to 7.5% of lower-extremity Wants body weight was automatically calculated by the computer and inserted into the bicycle's basket. A warm-up protocol involving 3-min continuous cycling with a speed of 60-80 rpm was followed prior to testing. During the last 5 s of each minute during the 3-min warm-up, the cycling speed was increased to 120-160 rpm. Following the warm-up, the athletes were asked to do stretching for 2 min so as to recover. When the athlete was ready for testing, he was asked to pedal for 30 s against the basket weight. At the end of the 30-s period, the number of cycles and the loading data were used to calculate work = anaerobic capacity (J = Joule). Using the mathematical average of total work, average work = anaerobic strength (W = watt) was calculated. Peak power is the maximum strength value reached during any of the 5-s periods (particularly the first few seconds) of WanT testing. Peak power is an indication of the anaerobic energy capacity. On the contrary, minimum power is the minimum value during any of the 5-s periods (usually the last seconds) lasting 30 s. This test helped calculate the fatigue index (Peak power -Minimum power/Peak power) × 100 (% Fatigue index). The tests were concluded with a 3-min cooldown by pedaling at a low intensity.
Statistical analysis
The collected data were analyzed using a statistical software called SPSS for Windows Release 20.0 (Statistical Package for Social Sciences Inc., IL, USA). The deterministic statistics of the variables were calculated, and the average values of the variables were shown as arithmetic mean ± standard deviation. The two groups were compared using the paired-samples t test. The P value was taken as <0.05 in all statistical analyses.
RESULTS
The study showed no differences in age, height, body weight, and body mass index (BMI) parameters between the athletes of both groups; all were similar (P > 0.05). The number of an infected tooth was higher in the study group than in the control group (P < 0.05) ( Table 1 ).
The parameters obtained following the complete blood count and iron and ferritin blood tests were similar in both the groups (P > 0.05) ( Table 2 ).
The urine density results obtained following the complete urine tests were similar in both the groups (P > 0.05) ( Table 3 ). When the groups were compared in terms of lower-extremity WanT parameters, the parameters did not show any statistically significant difference (P > 0.05) ( Table 4 ).
DISCUSSION
The study showed that the superficial dental caries at the enamel and dentine levels did not negatively impact the anaerobic performance and blood parameters of athletes.
Oral health is an important part of general health, and the oral cavity is the window to the general health. Systemic and oral diseases are all related. It has been scientifically proven that any inflammatory oral disease may also affect other parts of the body (1, 2) . Oral diseases have a negative effect on the skeletal, cardiovascular, respiratory, and digestive systems (1, 2) .
The factors contributing to the poor oral health of the athletes include nutritional habits, consumption of sports drinks, and reduced saliva during exercise (dehydration due to rapid breathing and perspiration) (18) (19) (20) (21) . Some other factors causing poor oral health include, but are not limited to, nutritional habits during exercise periods, frequency of food consumption, consumption of drinks having high sugar and acid contents, individual saliva production and blocking capacities, frequency of brushing teeth, and so forth. One of the studies demonstrated that soccer players had an average DMF-T index value of 8.2 ± 5.0 despite Effect of dental caries and the consequential variation in blood parameters on the anaerobic performance of rowing athletes undergoing periodic dental examination and followup (22) . During the 2012 London Summer Olympics, a study was conducted on the elite athletes using a clinical dental examination and a short survey at the Dental Clinic in the Olympic Village. Among the 302 athletes included in the study, 55% had dental caries and 41% had permanent and unrestorable dental erosion and periodontal infections (76% gingivitis and 15% periodontitis). More than 40% of the athletes reported some form of oral health complaints, 28% had complaints about their quality of life, and 18% stated that their exercise and athletic performance was negatively affected due to poor oral health (3).
Dental caries may cause chronic anemia. Dental caries in the oral cavity may cause anemia due to insufficient iron intake as a result of poor nutrition and variation in eating habits. A hypothesis suggests that chronic inflammation, particularly due to pulpitis and dental abscess, may lead to an increase in the production of cytokines. Cytokines such as IL-1 may cause chronic anemia by inhibiting the epitopes in the bone marrow (7, 23) . Anemia is explained as a hypoproliferative disease due to the reduced plasma iron concentration despite the storage of adequate levels of reticuloendothelial iron. This anemia is a result of cytokine effects, contributing to the response to inflammation (24) . Studies showed that dental caries increased cytokine levels in the saliva and the restoration of the tooth reversed it (8, 25, 26) . Different studies further showed that hemoglobin, iron, and ferritin levels were lower in patients with dental caries than in the ones without (27) (28) (29) . Childhood caries affected nutrition, and children with dental caries had twice as much ferritin deficiency and six times as much hemoglobin deficiency compared with the peers without any decay. Studies showed that the prevalence of iron deficiency anemia was much higher in children with dental caries (27, 30) . A dental caries is a chronic bacterial infection; studies showed that hemoglobin, iron, and ferritin levels increased when dental caries was cured (27) . Another study suggested that erythrocyte levels were not affected by poor oral health (31) . The present study suggested that the erythrocyte, hemoglobin, hematocrit, mean corpuscular volume, mean corpuscular hemoglobin, red cell distribution width, and iron and ferritin levels were similar in both the groups. The decays identified in this study were superficial decays at the enamel-dentine level and did not reach pulpal levels. This was the reason why the blood parameters did not show any differences in both the groups. The athletes in both groups had similar nutritional habits and socioeconomic backgrounds. Therefore, insufficient nutrition due to the low socioeconomic status was not an influencing factor. Moreover, the athletes were not required to alter their nutritional habits because the dental caries was not at the pulpal level and involved pain.
In the present study, the dehydration levels of the athletes were evaluated based on the urine density. The urine density in both the groups was similar, and hence no dehydration was detected. The changes in the free plasma volume may also change the hemoglobin concentration. In the event of dehydration, the hemoglobin levels may relatively increase as a result of the decrease in the plasma volume and may mask existing anemia (32) . This study concluded that the athletes had no dehydration and the obtained blood parameters reflected the actual values because the urine densities were similar and low in both the groups.
Studies suggested that dental caries and oral infections affected athletic performance negatively and might be associated with sports injuries (muscle, tendon, and bone injuries) (33) . The present study attempted to show the relationship between the DMF-T index value and the WanT test by evaluating the anaerobic performance of the athletes having high and low DMF-T index values using the WanT test. At the end of the tests, the WanT parameters did not show any difference between the athletes with high and low DMF-T index values. Dental caries in the present study was at enamel-dentine levels and did not include any pulpal-level decays affecting the blood circulation. This study also highlighted the need to investigate the effect of more serious dental caries. Despite other studies stating that dental caries affected the blood parameters (6) , no study investigated how the number of teeth with caries affected the blood parameters. Therefore, whether a high number of dental caries affected the blood parameters remained unclear. Despite the fact that the control group in this study had low DMF-T index values, some of the athletes had dental caries. This situation might have affected the results. Therefore, additional studies comparing the performance of athletes with and without dental caries might offer clarifications.
Limitation of the present study: The study showed that the group with high DMF-T index values had no inflammation affecting the anaerobic performance. However, it did not include the analysis of inflammation markers.
In conclusion, the study showed that having dental caries at the enamel-dentine level and a high DMF-T index value did not significantly affect athletic performance. The blood parameters and WanT performance was similar in the group with DMF-T index values (DMF-T = 7) above the WHO standards and the group with this index value at exactly the WHO standards (DMF-T = 0.9). However, it is believed that any decays at the pulpal level, which is a part of systemic circulation and tooth abscess, should affect athletic performance. More studies on athletes with pulpitis, abscess in the apical region, and periodontal disease should be conducted, including the inflammation markers, muscle strength, and aerobic and anaerobic performance parameters.
